We study calibration procedures of the staggered quarks on anisotropic lattices in the quenched approximation and in N f = 2 dynamical simulations. For the calibration conditions we adopt the hadronic radii r0 and the meson masses in the temporal and spatial directions. On the quenched lattice, we calibrate the quark field and compare the result with the result determined using the meson dispersion relation. In dynamical simulations, we determine the anisotropy parameters γG and γF simultaneously within 1% accuracy at renormalized anisotropy ξ = as/at = 4.
Introduction
Anisotropic lattices realize small temporal lattice spacings while keeping modest computational costs. The technique is useful in various fields of lattice QCD simulation: At finite temperature the large number of degrees of freedom in Euclidean time direction leads large number of Matsubara frequencies, which is efficient for calculation of the equation of state [1] and for analyses of temporal correlation functions [2, 3, 4] . The large temporal cutoff is important for relativistic formulations of heavy quarks on lattices [5] . It is also convenient for the correlators in which noises quickly grow as time such as glueballs [4, 6] and negative parity baryons [7] .
However, uncertainties of anisotropy parameters bring additional errors into the observed quantities. For precise calculations, we need to tune anisotropy parameters with good statistical accuracies and to control the systematic errors in the continuum extrapolations. In this work we discuss the tuning procedures of anisotropy parameters for the staggered fermions in the quenched and dynamical QCD simulations. Our goal is to tune anisotropy parameters within 1% statistical errors at each set of β and m 0 . In the following, we focus on lattices with the renormalized anisotropy ξ = a s /a t = 4. * Talk presented by K. Nomura
Lattice action
In the numerical simulations, we adopt Wilson gauge and staggered quark actions on anisotropic lattices. The Staggered quarks have several advantages over the Wilson-type quarks in studies related to the chiral symmetry and in simulations at lighter quark masses. The gauge action is
where γ G is the bare gauge anisotropy parameter. The quark action is defined as
where γ F is a bare fermionic anisotropy parameter, η µ (x) the staggered phase, κ σ = 1/2m 0 with m 0 the bare quark mass in spatial lattice units. Although these anisotropic lattice actions have been adopted in Ref. [8] , they did not discuss the systematic uncertainties due to the anisotropy to the sufficient level for precision computations.
Calibration procedures
The anisotropy parameters γ G and γ F should be tuned so that the physical isotropy condition,
are the renormalized anisotropies defined through the gauge and quark observables, respectively. In quenched simulations, one can firstly determine the γ G independently of γ F , and then tune γ F for fixed γ G . On the other hand, in dynamical simulations, γ G and γ F need to be tuned simultaneously.
Gauge sector
For the calibration in the gauge sector, we define ξ G (γ G , γ F ) through the hadronic radii r 0 [9] in the spatial and temporal directions. Since we set the lattice scale via r 0 , the physical anisotropy is kept in the continuum extrapolation. This is an advantage to avoid that the systematic errors brought by the anisotropic lattice remain in the continuum limit.
The value of r 0 is defined with the staticpotential through the relation r 2 0 F (r 0 ) = 1.65, where F (r) is the force between quarks. Then ξ G is defined with the ratio of r 0 's in the temporal and spatial directions:
In quenched simulations, we can apply the Lüscher-Weisz noise reduction technique [10] and determine ξ G at 0.2% level of accuracy [12] . In dynamical simulations, we instead apply the smearing technique to the anisotropic threedimensional planes which enables determination of ξ G at 1% level of accurately.
Quark sector
In the fermion sector, we define ξ F with the ratio of meson masses in temporal and spatial directions:
h [2] . We use the pseudoscalar channel, since in that channel the oscillating components of the correlators disappear quickly and hence statistical errors of masses are small.
Alternative definition of the ξ F makes use of the meson dispersion relation [11] ,
Here E(p) and m are in temporal lattice units and p is in spatial lattice units, and hence ξ F appears.
, where L i is lattice size in i-th direction. We use n = (0, 0, 0), (0, 0, 1) to define ξ F . At present stage of this work, we adopt the former procedure, with the ratio of the temporal and spatial meson masses, as the main calibration procedure for the quark field, because of smaller statistical uncertainties than the latter definition. In quenched simulation, we compare the results with these two procedures.
Numerical results of calibration

Quenched simulation
The simulation is performed on a 12 2 × 24 × 96 lattice at β = 5.75 and γ G = 3.136 which correspond to the spatial cutoff a −1 σ =1.1 GeV and the renormalized anisotropy ξ G = 4 [12] . The statistics are 224 configurations. The bare quark mass range is from 0.01 to 0.5 which corresponds to the range m P S /m V from 0.33 to 0.90.
We calculate the meson mass ratio at several values of γ F and interpolate them to γ * F at which ξ F = 4 holds. The result is displayed in Fig. 1 In Fig. 1 , we also show the result of calibration using the meson dispersion relation. The results of two procedures are consistent only in vary light quark mass region. To understand the discrepancies of two procedures and large change of γ * F from the calibration with mass ratio at larger quark mass region are subjects of future work.
dynamical simulation
The simulation is performed with R-algorithm with N f = 2 on lattices of the size 10 We determine γ * G and γ * F by a linear interpolation to ξ = 4 using the 6 parameter sets of (γ G ,γ F ) assuming the following relations:
The result of calibration with the meson mass ratio is presented in Fig.2 
